We report the first detection of both quiescent and flaring soft X-ray emission from a dMe flare star, Proxima Centauri (dM5e). The data are analyzed for temporal variability and spectral characteristics. The quiescent state is characterized by a mean X-ray luminosity of ^1.5 X 10 27 ergs s _1 , corresponding to a mean surface flux of ^7 X 10 5 ergs cm -2 s -1 , and an inferred temperature of ^4 X 10 6 K. The flare we have detected has a peak flux of ^7.4 X 10 27 ergs s _1 and a peak temperature of ^17 X 10 6 K. We discuss implications of these data for models of the quiescent and flare coronae of dMe stars.
I. INTRODUCTION Transient radio and optical emission observed from flare stars has been commonly attributed to solar-like flare events near the stellar surface, implying that these stars possess coronae (see Kunkel 1975 and Gershberg 1975 for reviews) . Whether these quiescent coronae could be observed as quasi-steady X-ray sources outside of flares was unclear, as theoretical models assuming coronal heating by acoustic waves predicted that X-ray emission would be far below current sensitivity levels (Mewe 1979) . However, this question has now been answered in the affirmative by the results of the Einstein Observatory stellar surveys, which have shown that dMe stars are indeed quasisteady soft X-ray sources , and by the observations reported here, namely, the first detection of both quiescent and flaring X-ray emission from the nearest star other than the Sun. Prox Cen is a dM5e star and is a well-studied flare star (e.g., Kunkel 1975) . The Einstein Observatory data reported here show it to be a highly variable soft X-ray source which is surprisingly strong during its quiescent state.
Our observations were part of a coordinated radio, optical, ultraviolet, and X-ray monitoring program for detection of flares on Prox Cen. Haisch and Linsky (1980) have presented the quiescent ultraviolet observations and preliminary quiescent X-ray observations, and Haisch et al. (1981) will present the coordinated flare observations. We also report here the detection of temporal and spectral variability in the X-ray emission 1 Guest Observer, límtó» Observatory (HEAO 2). 2 Staff Member, Quantum Physics Division, National Bureau of Standards.
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from Prox Cen and discuss implications for models of its corona and the observed flare.
II. X-RAY OBSERVATIONS a) Source Locations and Identifications
The Imaging Proportional Counter (IPC) is a position-sensitive X-ray detector which operates at the focus of the Einstein Observatory {HEAO 2). It has a field of view of about (I o X I o ), a spatial resolution of about 1', and an effective area of ~100 cm 2 at 1 keV. The spectral sensitivity of the instrument covers the range 0.2-4.0keV with 32 pulse height bins, and detected X-ray photons are timed to ^63 jus resolution. Further information regarding the observatory and its instrumentation may be found in Giacconi et al. (1979) .
From 14:24 to 16:51 UT on 1979 March 6 and from 14:10 to 16:36 UT on March 7, the instrument was pointed in the direction of Prox Cen, resulting in the X-ray image shown in Figure 1 (Plate L8). Earth occultation of the target occurred once per orbit and occupied about 40 minutes in the middle of each interval, leaving a total observing time of 11,200 s. Table 1 lists the positions of the three sources detected and their uncertainty, as well as the total number of detected photons for each of the sources. The observed position of source 1 agrees with the current position of Prox Cen at the epoch of the observation (see Table 1 ) to within 0Í6, leaving no doubt as to its identification.
Two additional, much fainter sources are significantly above the detection threshold (^5 o) and are labeled 2 and 3. Searches of cataloged optical objects (the SAO and Kukarkin catalogs) and radio sources (the Wackerling catalog) in this field yielded no candidates for the counterparts of these two sources within 5'. On the other hand, the nine SAO stars and two radio sources in the IPC field are not detected at a 5 <7 detection threshold of 0.010 counts s -1 .
b) Temporal Variability We have used the timing information of the detected photons to determine count rates for each of the three sources in successive 300 s intervals. In Figure 2 we show the results for Prox Cen (error bars shown are + 1 a). The most dramatic event is the X-ray flare on Prox Cen from 14:45 to 15:15 on March 6. Moreover, for Prox Cen, statistically significant count-rate fluctuations are also present in the other three intervals. The Prox Cen data of Figure 2 can be interpreted as evidence for three distinct levels of activity: (1) relatively quiescent emission seen at the start of orbit 1 and in all of orbits 2 and 4; (2) a prominent flare, seen midway through orbit 1; and (3) slowly (^50 minutes) declining emission, seen in orbit 3, which may be the decay phase of an unseen transient which occurred shortly before the observations on orbit 3 began.
In addition to the flare event, significant fluctuations occur on the binning time scale elsewhere in the data, in particular during orbit 2. Whether the activity level after the major flare event is characteristic of quiescent coronal emission for this star, or is related to the postflare state, cannot be established at this time. We attribute the quiescent background to coronal emission; this hypothesis is discussed in § III below and has been discussed by Haisch and Linsky (1980) in conjunction with ultraviolet spectra-line data provided by IUE.
For the major flare on Prox Cen, the count rates are sufficiently high to permit better time resolution. Examination of this higher time-resolution data shows the rise of the X-ray flux to be clearly steeper than the decay, and the e-folding decay time is estimated to be ^1200 s (see §111). These temporal characteristics are also seen typically in solar flares (Datlowe 1975 ).
c) Spectral Characteristics of Proxima Centauri
The count rates shown in Figure 2 refer to all detected photons with energy within the instrument bandpass (^0.2-4.0 keV). In this section we discuss the spectral information obtained from pulse height analysis data, as well as the derived source flux and luminosity.
The data segments chosen for detailed study {A-D) are indicated in Figure 2 . A simple quantitative indicator of the source temperature is the hardness ratio, defined as the ratio of count rates in the (1.5-4.0) keV and (0.2-1.5) keV bands. This hardness ratio plotted in Figure 2 clearly shows both the spectral íí hardening ,, during the flare and the subsequent gradual softening of the spectrum toward the preflare values. The measured increase in hardness ratio which appears to precede the flare is suggestive rather than conclusive.
Temperatures have been estimated from qualitative comparisons of the pulse height spectra in Figure 3 to theoretical single-temperature spectra computed assuming the continuum and line emission rates from an optically thin plasma with solar abundances (Raymond 1979) and negligible interstellar absorption (Ah ^ 10 18 cm~2). These temperatures have been given in Figure 3 and Table 2 Fig. 2 . The energy scale is approximate. Temperatures were estimated from qualitative comparisons of pulse height spectra to theoretical single temperature spectra as described in § He. quoted values are clearly inconsistent with the observed spectra in each interval. The flare event can therefore be characterized as follows: the temperature rises from a preflare value of ^4 X 10 6 K to a maximum value of ^17 X 10 6 K, with gradual subsequent cooling toward preflare temperatures, while the inferred luminosity varies from ^1.5 X 10 27 ergs s -1 (preflare) to ^7.4 X 10 27 ergs s" 1 (flare luminosity peak), with a decay to ^1.8 X 10 27 ergs s -1 at the end of the first observing interval. The observed maximum temperature is the same as the median corresponding value for solar flares derived from soft X-ray spectra (Datlowe 1975) .
in. DISCUSSION The detection of quiescent (i.e., steady) X-ray emission from Prox Cen places this star in the group of dMe stars shown to be soft X-ray emitters by the Einstein Observatory/CfA Stellar Survey ). It appears to be one of the more active stars in this group, as its X-ray to F-band luminosity ratio is ^lO^1* 2 ; by comparison, Barnard's star, which has the same spectral type as Prox Cen (M5 V), shows an ^100 times lower level of X-ray emission . Prox Cen is a member of a multiple star system, which includes a Cen A and B. The large separation between Prox Cen and its companions (>0.05 pc) argues in favor of a solar-like coronal interpretation of the observed relatively quiescent X-ray emission, particularly as a Cen A and B have been also individually detected as steady X-ray sources by the Einstein Observatory . The detailed characteristics of the quiescent and flaring emission provide strong support for the assertion that we are observing an extreme case of an essentially solar-like phenomenon. The arguments are briefly discussed below. a) Quiescent Emission For a derived temperature of ^4 X 10 6 K, the associated volume emission measure is ^2 X 10 49 cm -3 , comparable to the volume emission measure of ^5 X 10 49 cm -3 for the quiet solar corona (Vaiana and Rosner L102 1978) . Assuming a radius of AE = 0.19 R ö for Prox Cen (Frogel et al. 1972) , the mean surface soft X-ray flux f x during the preflare quiescent state is ~7 X 10 5 ergs cm -2 s -1 . This value is approximately one-fifth of the solar-surface soft X-ray flux in active regions and about an order of magnitude above the quiet Sun value (cf. Vaiana and Rosner 1978) . If one assumes that the observed emission comes from solar active-region-like structures (/* -3 X 10 6 ergs cm -2 s -1 ), the implied surface-area covering factor is about one-fifth of the star's surface (at a pressure of ^1 dyne cm -2 , assuming comparable vertical and horizontal length scales). As the corresponding solar surface-covering factor ranges from lO^2 to 10^4 (at pressures on the order of 1 dyne cm~2), we conclude that either a far larger fraction of Prox Cen's surface is occupied by regions of strong coronal activity or that regions of coronal activity are at far higher pressures than in the solar case. This inferred, dramatically heightened level of quiescent (nontransient) surface activity cannot be reconciled with standard coronal heating models that assume the dissipation of sound waves propagating outward from the stellar photosphere. It is difficult indeed to see how the mean quiescent surface brightness in X-rays of Prox Cen could exceed that of the Sun by over an order of magnitude if acoustic coronal heating dominates, since, for example, de Loore (1970) computes convection-generated surface velocities that decrease a factor of 20 and acoustic flux generation rates that decrease a factor of 10 5 -5 from G2 V to M5 V. These results cannot be an artifact of de Loore's calculations, as convective velocities must be proportional to roughly r 4 e ff in convective zones of stars in which most of the energy is carried by convection. The alternative, heating of a magnetically confined atmosphere by magneticfield-related heating processes, seems to be more plausible (Rosner, Tucker, and Vaiana 1978; Rosner and Vaiana 1979) , particularly given the observations of powerful flares on Prox Cen (including the X-ray transient to be discussed below). The latter observations strongly imply that surface magnetic fields are present.
b) Flare Emission
The contrast between the levels of flare and quiescent emission (^5 :1) is comparable to that observed for the Sun in similar bandpasses (cf. graph of solar X-ray variability in Vaiana and Rosner 1978) . Furthermore, the probable time delay of roughly 5 minutes (Table 2) between the peaks of the temperature profile and luminosity profile (or, using the plasma emissivity function, the volume emission-measure profile) also resembles the behavior of solar flares (Datlowe 1975) . Comparing this flare event with X-ray transients observed from other flare stars, it is evident that the present event is quite modest, with L x two orders of Vol. 242 magnitude or more smaller than flares seen on AT Mic, AD Leo (Kahn et al. 1979) , and UV Cet (Haisch et al. 1978) .
At flare-luminosity maximum (interval C), we find f n e 2 dV = 10 511±0 * 2 cm -3 . Scaling the flare volume to typical solar dimensions, we obtain ~ 5 X 10 11 (//10 9 cm)~3 /2 , where l is the radius of an assumed spherical flare; and the associated radiative cooling time is then tc = ~ 500(ï/10 9 cm) 3 / 2 s , where P{T) is the radiative power coefficient for an optically thin plasma including lines (Raymond 1979) . Comparing with the observed flare decay time of ^1.2 X 10 3 s, we conclude that a flare region with l « 2.0 X 10 9 cm is consistent with the observations, again comparable to the solar case. It is apparent that the flare event can be modeled by an impulsive release of energy (>10 31 ergs) and plasma heating, with subsequent cooling by radiation.
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To summarize, the X-ray observations of Prox Cen reported here demonstrate: (1) that solar-like coronal phenomena ranging from quiescent to flaring behavior are found on late M dwarfs; (2) that these phenomena occur at activity levels substantially in excess of that found on the Sun; and (3) that the mechanism(s) responsible for this behavior are apparently unrelated to the level of surface convective turbulence. The most plausible interpretation consistent with our present understanding of solar coronal X-ray emission is that the observed emission derives from magnetically confined plasmas, heated by processes which are strongly coupled to the confining stellar magnetic fields (Rosner, Tucker, and Vaiana 1978; Rosner and Vaiana 1979) . If this interpretation is correct, stellar soft X-ray observations may prove to be a fundamental tool in exploring the range of magnetic dynamo activity in late-type stars, vastly extending the range of stars that can be explored by other surface magnetic field indicators (viz., Ca ii and Mg n resonance line emission, Wilson 1978).
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